WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 ; 
C08F 4/02, 4/605, 10/00 



Al 



(11) International Publication Number: WO 95/10542 

(43) International Publication Date: 20 April 1995 (20.04.95) 



(21) International Application Number PCT/US94/10178 

(22) International Filing Date: 9 September 1994 (09.09.94) 



(30) Priority Data: 
08/138,818 



15 October 1993 (15.10.93) US 



(71) Applicant: EXXON CHEMICAL PATENTS INC. [US/US]; 

5200 Bayway Drive, Baytown, TX 77520 (US). 

(72) Inventor: JEJELOWO, Moses, Olukayode; 3410 Park Springs 

Lane, Kingwood, TX 77345 (US). 

(74) Agents: SHER, Jaimes; Exxon Chemical Company, P.O. Box 
2149, Baytown, TX 77522-2149 (US) et aL 



(81) Designated States: CA, JP, European patent (AT, BE, CH, DE, 
DK, ES, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE). 



Published 

WiA international search report 



(54) Title: POLYMERIZATION CATALYST SYSTEMS, THEIR PRODUCTION AND USE 
(57) Abstract 

The invention is generally directed toward a supported catalyst system useful for polymerizing olefins. The method for forming the 
catalyst system of the invention provides for supporting a bulky ligand transition metal compound on a carrier and separately supporting 
a cocataiyst or activator for the bulky compound. The bulky ligand transition metal compound of the invention can be a metallocene. 
The metallocene catalyst systems of the invention have unexpectedly high activity as compared with most catalysts systems previously 
described where the metallocene and activator are on one carrier. The invention provides for the ability to manipulate the catalyst system 
easily by varying the quantities of the individually supported components of the invention. Until now previous catalyst system had to be 
reformulated from scratch, which is expensive and time consuming. Additionally it is now possible with catalyst systems of the invention 
to conveniently change the catalyst system, by adjusting the catalyst to activator ratio in a continuous polymerization process, particularly 
in gas phase process and to allow for quicker transitioning periods between polymer grades. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used Co identify States 
applications under the PCT. 



AT 


Austria 


AU 


Australia 


BB 


Barbados 


BE 


Belgium 


BF 


Burkina Faso 


BG 


Bulgaria 


BJ 


Benin 


BR 


Brazil 


BY 


Belarus 


CA 


Canada 


CF 


Central African Republic 


CG 


Congo 


CH 


Switzerland 


ci 


Cole dlvoire 


CM 




CN 


China 


cs 


Czechoslovakia 


cz 


Czech Republic 


DE 


Germany 


DK 


Denmark 


ES 


Spain 


EI 


Finland 


FR 


France 


GA 


Gabon 



party to the PCT on the front pages 



GB 


United Kingdom 


GE 


Georgia 


GN 


Guinea 


GR 


Greece 


HU 


Hungary 


IE 


Ireland 


IT 


Italy 


JP 


Japan 


KE 


Kenya 


KG 


Kyrgystan 


KP 


Democratic People's 1 




of Korea 


KR 


Republic of Korea 


KZ 


Kazakhstan 


U 


Liechtenstein 


LK 


Sri Lanka 


LU 


Luxembourg 


LV 


Latvia 


MC 


Monaco 


MD 


Republic of Moldova 


MG 


Madagascar 


ML 


Mali 


MN 


Mongolia 



pamphlets publishing international 



MR 


Mauritania 


MW 


Malawi 


NE 


Niger 


NL 


Netherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


FT 


Portugal 


RO 




RU 
SD 


Russian Federation 


SE 


Sudan 
Sweden 


SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TT 


Trinidad and Tobago 


OA 


Ukraine 


US 


United States of America 


UZ 


Uzbekistan 


VN 


Viet Nam 



WO 95/10542 



PCT/US94/10178 



POLYMERIZATION CATALYST SYSTEMS. THEIR PRODUCTION 

AND USE 

FIELD OF THE INVENTION 

5 This invention relates to catalysts, catalyst systems and to methods for their 

production and use in olefin polymerization. The invention particularly relates to a 
catalyst system of a supported bulky ligand transition metal compound and 
separately supported activator useful for the polymerization of olefins. 
BACKGROUND OF THE INVENTION 

10 A new catalyst technology has developed which provides for the 

modification and/or control over the properties and characteristics of a polymer. 
This technology principally involves the use of single-site catalysts to produce a 
broad range of polymers generally having a narrow molecular weight distribution 
and a narrow composition distribution. These catalysts are generally in the field of 

15 transition metal catalysis. The art has focused on the type of catalyst and catalyst 
system employed and methods for their manufacture and use in polymerization 
catalysis. 

It is desirable in many polymerization processes, particularly a gas phase 
process, to use a supported catalyst. Generally these catalyst systems include a 

20 metallocene and alumoxane supported on the same carrier, such as silica, and 
subsequently dried to a powder. For example, U.S. Patent No. 4,937,217 
generally describes a mixture of trimethylaluminum and triethylaluminum added to 
an undehydrated silica then adding a metallocene to form a dry catalyst. EP- 
308177-B1 generally describes adding a wet monomer to a reactor containing a 

25 metallocene, trialkylaluminum and undehydrated silica. U.S. Patent Nos. 

4,912,075, 4,935,937 and 4,937,301 generally relate to adding trimethylaluminum 
to an undehydrated silica and then adding a metallocene to form a dry supported 
catalyst. Similarly, U.S. Patent Nos. 5,008,228, 5,086,025 and 5,147,949 
generally describe forming a dry supported catalyst by the addition of 

30 trimethylaluminum to a water impregnated silica then adding the metallocene. U.S. 
Patent No. 4,914,253 describes adding trimethylaluminum to undehydrated silica, 
adding a metallocene and then drying the catalyst with an amount of hydrogen to 
produce a polyethylene wax. U.S. Patent Nos. 4,808,561, 4,897,455 and 
4,701,432 describe techniques to form a supported catalyst where the inert carrier, 

35 typically silica, is calcined and contacted with a metallocene(s) and a 

activator/cocatalyst component. U.S. Patent No. 5,238,892 describes forming a 
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dry supported catalyst by mixing a metallocene with an alkyl aluminum then adding 
undehydrated silica. U.S. Patent No, 5,240,894 generally pertains to forming a 
supported metallocene/alumoxane catalyst system by forming a 
metallocene/alumoxane reaction solution, adding a porous carrier, evaporating the 
5 resulting slurry to remove residual solvent from the carrier. These references all 
concern the combination of a metallocene and alumoxane on one support or 
hydrolyzing an aluminum alkyl in situ on one support with a metallocene catalyst 
compound. 

It would be highly desirable to have a polymerization catalyst system that 
10 could be modified easily without having to reformulate the entire catalyst system. 
Thus, a need exists in industry for an improved polymerization catalyst system and 
method for producing such a catalyst system. 
SUMMARY OF THE INVENTION 

This invention is generally directed towards a new polymerization catalyst 
15 system and to methods for its manufacture. 

In one embodiment, the invention provides for a catalyst system comprising 
at least one first component comprising a majority of at least one supported bulky 
ligand transition metal compound and at least one second component comprising a 
majority of at least one supported cocatalyst or activator for said compound. 
20 In another embodiment of the invention, there is provided a process for 

producing polyolefins by contacting olefin monomer, optionally with comonomer 
in the presence of the catalyst system described above. 

In yet another embodiment of the invention, a method for producing the 
catalyst system described above is provided. 
25 It is an object of the invention to provide a catalyst system with increased 

activity. It is a related object of the invention to provide a catalyst system capable 
of producing polymers with high molecular weights and lower melt indices. A 
further object of the invention is to provide a catalyst system that is easily 
adaptable to a gas phase process. Another object of the invention is to provide a 
30 catalyst system that is easily modified or tailored. Yet another object of the 

invention is to provide a simple catalyst system that is cost effective and efficient. * 

DETAILED DESCRIPTION OE THE INVENTION 

Introduction 

This invention is generally directed toward a supported catalyst system 
35 useful for polymerizing olefins. The method for forming the catalyst system of the 
invention provides for supporting a bulky ligand transition metal compound on a 
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carrier and separately supporting a cocatalyst or activator for the bulky compound. 
The bulky ligand transition metal compound of the invention can be a metallocene. 
The metallocene catalyst systems of the invention have unexpectedly high activity 
as compared with most catalysts systems previously described where the 
5 metallocene and activator are on one carrier. The invention provides for the ability 
to manipulate the catalyst system easily by varying the quantities of the individually 
supported components of the invention. Until now previous catalyst system had to 
be reformulated from scratch, which is expensive and time consuming. Additionally 
it is now possible with catalyst systems of the invention to conveniently change the 

10 catalyst system, by adjusting the catalyst to activator ratio in a continuous 

polymerization process, particularly in gas phase process and to allow for quicker 
transitioning periods between polymer grades. 
Catalyst Systems and Methods For Their Production 

The catalyst is preferably a bulky ligand transition metal compound. The 

IS bulky ligand may contain a multiplicity of bonded atoms, preferably carbon atoms, 
forming a group which may be cyclic with one or more optional heteroatoms. The 
bulky ligand may be a cyclopentadienyl derivative which can be mono- or poly- 
nuclear. One or more bulky ligands may be bonded to the transition metal atom. 
The transition metal atom may be a Group 4, 5 or 6 transition metal. Other ligands 

20 may be bonded to the transition metal, preferably detachable by a cocatalyst such 
as a hydrocarbyl or halogen leaving group. The catalyst is derivable from a 
compound of the formula 

[L] m M[X] n 

wherein L is the bulky ligand; X is the leaving group, M is the transition metal and 
25 m and n are such that the total ligand valency corresponds to the transition metal 

valency. Preferably the catalyst is four co-ordinate such that the compound is 

ionizable to a 1 + charge state. 

The ligands L and X may be bridged to each other and if two ligands L 

and/or X are present, they may be bridged. The metallocenes may be full-sandwich 
30 compounds having two or more ligands L which are cyclopentadienyl ligands or 

cyciopentadiene derived ligands or half-sandwich compounds having one ligand L 

only which is a cyclopentadienyl ligand or derived ligand. 

The metallocene compounds contain a multiplicity of bonded atoms, 

preferably carbon atoms, and typically contain a cyclic structure such as, for 
35 example, a cyclopentadienyl ligand, substituted or unsubstituted, or 

cyclopentadienyl derived ligand or any other ligand capable of -q-5 bonding to the 
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transition metal atom. One or more bulky ligands may be rc-bonded to the 
transition metal atom. The transition metal atom may be a Group 4, 5 or 6 
transition metal and/or a metal from the lanthanide and actinide series. Other 
ligands may be bonded to the transition metal, such as a leaving group, such as but 
5 not limited to hydrocarbyl, hydrogen or any other univalent anionic ligand.. Non- 
limiting examples of metallocene catalysts and catalyst systems are discussed in for 
example, U.S. Patent Nos. 4,530,914, 4,952,716, 5,124,418, 4,808,561, 
4,897,455, 5,278,1 19, 5,304,614 all of which are herein fully incorporated by 
reference. Also, the disclosures of EP-A- 0129,368, EP-A-0520732, EP-A- 

10 0420436, WO 91/04257 WO 92/00333, WO 93/08221, and WO 93/08199 are all 
folly incorporated herein by reference. 

For the purposes of this patent specification the term "metallocene" is 
defined to contain one or more cyclopentadienyl moiety in combination with a 
transition metal of the Periodic Table of Elements. In one embodiment the 

15 metallocene catalyst component is represented by the general formula 

(Cp)mMRnR*p wherein Cp is a substituted or unsubstituted symmetrically or 
unsymetrically cyclopentadienyl ring; M is a Group 4, 5 or 6 transition metal; R 
and R f are independently selected halogen, hydrocarbyl group, or hydrocarboxyl 
groups having 1-20 carbon atoms; m = 1-3, n = 0-3, p = 0-3, and the sum of 

20 m + n + p equals the oxidation state of M, where m » 2, two Cp's can be bridged 
with a carbon, germanium, silicon, phosphorous or a nitrogen atom. In another 
embodiment the metallocene catalyst component is represented by the formulas: 

(C 5 R , m )pR"s(C5R , m)MQ 3 .p.x and 
R ,, s(C 5 R , m)2MQ l 

25 wherein M is a Group 4, 5, 6 transition metal, C$R! m is an unsubstituted and/or a 
symmetrically or unsymetrically substituted cyclopentadienyl, each R, which can 
be the same or different is hydrogen alkyl, alkenyl, aryl, alkylaryl or arylalkyl 
radical having from 1 to 20 carbon atoms or two carbon atoms joined together to 
form a part of a C4 to C20 ring, R" is one or more of or a combination of a 

30 carbon, a germanium, a silicon, a phosphorous or a nitrogen atom containing 

radical substituting on and bridging two (CsR'm) rings, or bridging one (CsR'm) 
ring back to M, when p = 0 and x = 1 otherwise V is always equal to 0, each Q 
which can be the same or different is an aryl, alkyl, alkenyl, alkylaryl, or arylalkyl 
radical having from 1 to 20 carbon atoms or halogen, Q' is an alkylidene radical 

35 having from 1-20 carbon atoms, s is 0 or 1 and when s is 0, m is 5 and p is 0, 1 or 
2 and when s is 1, m is 4 and p is 1. 
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Various forms of the catalyst system of the metallocene type may be used 
in the polymerization process of this invention. Exemplaiy of the development of 
metallocene catalysts in the art for the polymerization of ethylene is the disclosure 
of U.S. Patent No. 4,871,705, 4,937,299, 5,017,714 and 5,120,867, all of which 
5 are fully incorporated herein by reference for U.S. patent practice. These 

publications teach the structure of the metallocene catalysts and include alumoxane 
as the cocatalyst. None of these references disclose the catalyst system of this 
invention. There are a variety of methods for preparing alumoxane, for examples 
see U.S. Patent Nos. 4,665,208, 4,952,540 and 5,103,031, incorporated herein by 
10 reference for U. S. patent practice. 

For the purposes of this patent specification, the terms "cocatalysts or 
activators 11 are used interchangeably and are defined to be any compound or 
component which can activate a bulky ligand transition metal compound or a 
metallocene catalyst component. In one embodiment the activators generally 
15 contain a metal of Group 1 and 3 of the Periodic Table of Elements. In the 
preferred embodiment the bulky transition metal compound are metallocenes, 
which are activated by trialkylaluminum compounds, alumoxanes both linear and 
cyclic, or ionizing ionic activators or compounds such as tri (n-butyl) ammonium 
tetra (pentaflurophenyl) boron, which ionize the neutral metallocene compound. 
20 Such ionizing compounds may contain an active proton, or some other cation 
associated with but not coordinated or only loosely coordinated to the remaining 
ion of the ionizing ionic compound. Such compounds are described in PCT 
Application WO 93/11172 and EP-A-0520 732, EP-A-500 944, EP-A-0 277 003 
and EP-A-0 277 004 published August 3, 1988, and U.S. Patent Nos. 5,153,157, 
5,198,401, 5,241,025, and 5,278,1 19, are all herein folly incorporated by 
reference. Further, the metallocene catalyst component can be a 
monocyclopentadienyl heteroatom containing compound. This heteroatom is 
activated by either an alumoxane or an ionic activator to form an active 
polymerization catalyst system to produce polymers useful in this present 
invention. These types of catalyst systems are described in, for example, PCT 
International Publication WO 92/00333 published January 9, 1992, U.S. Patent 
Nos. 5,057,475, 5,096,867, 5,055,438 and 5,227,440 and EP-A-0 420 436, WO 
91/ 04257, all of which are fully incorporated herein by reference. In addition, the 
metallocene catalysts useful in this invention can include non-cyclopentadienyl 
catalyst components, or ancillary ligands such as boroles or carbollides in 
combination with a transition metal. Additionally it is not beyond the scope of this 
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invention that the catalysts and catalyst systems may be those described in U.S. 
Patent No. 5,064,802 and PCT publications WO 93/08221 and WO 93/08199 
published April 29, 1993 all of which are herein incorporated by reference. All the 
catalyst systems of the invention may be, optionally, prepolymerized or used in 
5 conjunction with an additive or scavenging component to enhance catalytic 
productivity. 

For purposes of this patent specification the term ,, carrier M or "support" can 
be any porous support such as talc, inorganic oxides, and resinous support 
materials such as polyolefin or polymeric compounds. Suitable inorganic oxide 

10 materials which are desirably employed include from the Periodic Table of 

Elements Groups 2, 3, 4 or 5 metal oxides such as silica, alumina, silica-alumina, 
and mixtures thereof. Other inorganic oxides that may be employed either alone or 
in combination with the silica, alumina or silica-alumina are magnesia, titania, 
zirconia, and the like. Other suitable support materials can be employed such as, 

15 finely divided polyolefins, such as polyethylene or polymeric compounds. The 

specific particle size of the support or inorganic oxide, surface area, pore volume, 
and number of hydroxyl groups are not critical to its utility in the practice of this 
invention. However, such characteristics determine the amount of support to be 
employed in preparing the catalyst compositions, as well as affecting the properties 

20 of polymers formed. The characteristics of the carrier or support must therefore be 
taken into consideration in choosing the same for use in the particular invention. 
In one embodiment the carrier is surface modified with surface modifying agents as 
described in U.S. Patent No. 5, 124,41 8 incorporated herein by reference. 

The catalyst system of this invention can be made in various ways. In one 

25 embodiment, a bulky ligand transition metal compound, such as a metallocene as 
described above, is contacted with a first carrier to form a first component, and 
independently, a cocatalyst or activator, such as an alumoxane or ionic activator, is 
contacted with a second carrier to form a second component. The first and second 
components can be used in slurry form or dried or any combination thereof 

30 The first component of the catalyst system of the invention comprises a 

majority of a carrier and a bulky ligand transition metal compound. The bulky 
ligand transition metal compound is generally in the range of 0.01 to about 50 
weight percent of the total weight of the first component, preferably, 0.1 to about 
25 weight percent, more preferably 0.3 to 10 weight percent and most preferably 

35 0.5 to about 5 weight percent. 
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The second component of the catalyst system of the invention comprises a 
majority of a carrier and a cocatalyst or activator. The cocatalyst or activator is 
generally in the range of 1 to about 75 weight percent of the total weight of the 
second component, preferably, 1 to about 50 weight percent, more preferably 1 to 
5 about 25 weight percent, and most preferably 1 to about 15 weight percent. 

The carriers of the invention can be the same or different or mixtures 
thereof In the preferred embodiment the carrier in both components is the same 
type, and is preferably silica. 

In another embodiment, two or more metallocenes can be used to form the 
10 first component or more than one first component is used and a similar or different 
activator can be used on one second component or more than one second 
component containing one or more activator can be used in the invention, or any 
combination thereof. In still yet another embodiment, the first and second 
components are further supported together on another carrier, other than the 
15 carriers used to support the first and second components, or separately supported 
on different carriers or even different types of carriers. 

In one embodiment of the invention the first component can contain a 
quantity of an activator such that the mole ratio of the transition metal of the bulky 
ligand transition metal compound to the metal of the activator is in the range of 
20 less than 0.2:1 to 1000:1, preferably, less than 0.5:1 to 500:1, more preferably 
0.7:1 to 300:1 and most preferably less than 1:1 to 100:1. 

In another embodiment the second component can contain a quantity of a 
bulky ligand transition metal compound such that the mole ratio of the metal of the 
activator to the transition metal of the bulky compound is in the range of less than 
25 0.2: 1 to 1000: 1, preferably, less than 0.5: 1 to 500: 1, more preferably 0.7: 1 to 
300:1 and most preferably less than 1:1 to 100:1. 

In another embodiment, the mole percent of the metal of the activator of 
the second component to the transition metal of the bulky ligand transition metal 
compound of the first component is in the range of 1000:1 to 50:1, preferably less 
30 than 500:1, more preferably 200:1, even more preferably 150:1 and most 
preferably 50:1 to 100:1. 

In a preferred embodiment, the weight ratio of the first component to the 
second component is in the range of 20:1 to about 1:20, preferably 10:1 to 10:1, 
more preferably 5:1 to 1:5 and most preferably 2:1 to 1:2. 
35 Polymerization Process 
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The catalyst system of this invention is particularly well suited for the 
polymerization of monomers and optionally comonomers in any polymerization or 
prepolymerization process, gas, slurry or solution phase; even a high pressure 
autoclave process can be utilized. In the preferred embodiment a gas phase process 
5 is utilized. 

In the preferred embodiment, this invention is directed toward the gas 
phase polymerization or copolymerization reactions involving the polymerization 
or optionally prepolymerization of one or more of the alpha-olefin monomers 
having from 2 to 20 carbon atoms, preferably 2-12 carbon atoms. The invention is 

10 particularly well suited to the copolymerization reactions involving the 

polymerization of one or more of the monomers, for example alpha-olefin 
monomers of ethylene, propylene, butene-1, pentene-1, 4-methylpentene-l, 
hexene-1, octene-1, decene-1 and cyclic olefins such as styrene. Other monomers 
can include polar vinyl, dienes, norbornene, acetylene and aldehyde monomers. 

15 Preferably a copolymer of ethylene or propylene is produced such that the amount 
of ethylene or propylene and comonomer is adjusted to produce a desired polymer 
product. Preferably the comonomer is an alpha-olefin having from 3 to 15 carbon 
atoms, preferably 4 to 12 carbon atoms and most preferably 4 to 10 carbon atoms. 
In another embodiment ethylene is polymerized with at least two comonomers to 

20 form a terpolymer and the like. 

In one embodiment of the process of the invention, the olefin(s) are 
prepolymerized in the presence of the catalyst system of the invention prior to the 
main polymerization. The prepolymerization can be carried out batchwise or 
continuously in gas, solution or slurry phase including at elevated pressures. The 

25 prepolymerization can take place with any alpha-olefin monomer or combination 
and/or in the presence of any molecular weight controlling agent such as hydrogen. 
For details on prepolymerization see U.S. Patent No. 4,923,833, and 4,921,825 and 
EP-B-0279 863, all of which are incorporated folly herein by reference for 
purposes of U.S. practice. 

30 Typically in a gas phase polymerization process a continuous cycle is 

employed where in one part of the cycle, of a reactor, a cycling gas stream, 
otherwise known as a recycle stream or fluidizing medium, is heated in the reactor 
by the heat of polymerization. This heat is removed in another part of the cycle by 
a cooling system external to the reactor. 

35 Generally in a gas fluidized bed process for producing polymer from 

monomers a gaseous stream containing one or more monomers is continuously 
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cycled through a fluidized bed in the presence of a catalyst under reactive 
conditions. The gaseous stream is withdrawn from the fluidized bed and recycled 
back into the reactor. Simultaneously, polymer product is withdrawn from the 
reactor and new or fresh monomer is added to replace the polymerized monomer. 
5 The catalyst is introduced into the reactor via a catalyst feeder mechanism 

either continuously or intermittently as is known in the art. Usually the catalyst is 
contained in a vessel with a mechanism for controlling the quantity of catalyst to be 
injected into the reactor. Typically the catalyst is blown into the reactor with a gas 
such as nitrogen. Many times these systems have multiple catalyst feeders and 

10 injection points for introducing catalyst into a reactor. 

The invention provides for a process for polymerization of olefins alone or 
in combination with one or more other olefins in a reactor, said process comprising 
polymerization in the presence of a catalyst system which is introduced into said 
reactor, said catalyst system comprising (a) at least one first component comprising 

IS at least one first carrier and at least one bulky ligand transition metal compound 
supported on said first carrier and (b) at least one second component comprising at 
least one second carrier and at least one cocatalyst or activator for said bulky 
ligand transition metal compound supported on said second carrier.. 

In one embodiment of the invention components (a) and (b) are introduced 

20 into the reactor simultaneously from the same or different catalyst feeder. In 
another embodiment components (a) and (b) are introduced into the reactor 
together or apart. In still yet another embodiment components (a) and (b) are 
introduced into the reactor mixed together. 

It is also contemplated in an alternative embodiment that the first 

25 component could comprise a mixture of a bulky ligand transition metal compound 
and a traditional Ziegler-Natta catalyst compound, other non-bulky ligand 
transition metal compound, or non-metallocene compound. Non-limiting examples 
of traditional Ziegler-Natta catalyst compounds are described in U.S. Patent Nos. 
4,086,408, 4,302,565, 4,988,783 and 4,427,573. Thus, the same is true for the 

30 activator component of the invention which could include any activator for the 
traditional Ziegler-Natta catalyst or non-metallocene compound alone or in 
combination with those activators and catalysts previously described. 

EXAMPLES 
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In order to provide a better understanding of the present invention 
including representative advantages and limitations thereof, the following examples 
are offered. 
Example 1 

5 Preparation of Silica-Supported Cp - jZrCl? 

10 g sample of Davison 948 silica dehydrated at 850°C was suspended in 
60 cm 3 hexane at 22°C. A solution of 0.331 g CP2Z1CI2 in 20 cm 3 toluene was 
then added slowly. After 1 h, the solvent was removed under vacuum to give a 
free-flow supported metallocene. 

10 Preparation of TMA-Treated Silica Support 

400 g Davison 948 silica having Loss-On-Ignition (LOI) value of 1 1. 14 
wt-% was added slowly to 3380 cm 3 of 10 wt-% trimethyl aluminum solution in 
iso-pentane contained in a 5-liter flask at -75°C. The silica was added at a rate of 
about 1.1 g/min. After all the silica had been added the slurry was allowed to 

15 warm up to 22°C and this was maintained for 1 h. Then the support material was 
dried to free-flowing powder. 
Polymerization of Olefins 

0.35 g sample of the TMA-treated silica described above was added into a 
catalyst holding tube as a bottom layer of treated silica, to this was added 0.2 g of 

20 the silica-supported Cp2ZrCl2 described above, then a second layer of 0.35 g of 
the TMA-treated silica was added as a top layer such that the silica-supported 
metallocene was sandwiched between two layers of the TMA-treated silica. This 
catalyst holding tube was, meanwhile, clamped in place such that no shaking took 
place. This catalyst setup was then admitted into a semi-batch gas-phase reactor 

25 with a N2 pressure. A feed of 1-butene in ethylene was then admitted into the 
reactor at 85°C. The pressure in the reactor was held constant by continuously 
feeding 5 mol-% 1-butene in ethylene to compensate for any pressure change due 
to polymerization. After 0.5 h, the polymer formed was separated from the seed 
bed material and analyzed for resin molecular properties and the results are shown 

30 in Table 1. 
Example 2 

Preparation of Silica-Supported Cp7ZrMe7 

10 g sample of Davison 948 silica dehydrated to 850°C was suspended in 
60 cm 3 hexane at 22°C. A solution of 0.283 g Cp2ZrMe2 in 20 cm 3 toluene was 
35 then added slowly. After 1 h, the solvent was removed under vacuum to give a 
free-flow supported metallocene. 
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0.35 g sample of the TMA-treated silica described in Example 1 was added into a 
catalyst holding tube as a bottom layer of treated silica, to this was added 0.2 g of 
the silica-supported Cp2ZrMe2 described above, then a second layer of 0.35 g of 
the TMA-treated silica was added as a top layer such that the silica-supported 
5 metallocene was sandwiched between two layers of the TMA-treated silica. This 
catalyst holding tube was, meanwhile, clamped in place such that no shaking took 
place. This catalyst setup was then admitted into a semi-batch gas-phase reactor 
that had been pretreated with 0.13 cm 3 of 24.7 wt-% triethylaluminum and tested 
for the polymerization of ethylene/1 -butene as described in Example 1; the results 
10 are summarized in Table 1 . 
Example 3 

Preparation of Silica-Supported Cp^HfCl ? 

11.3 g sample of Davison 948 silica dehydrated to 850°C was suspended 
in 60 cm 3 hexane at 22°C. A solution of 0.246 g Cp2HfCl2 in 20 cm 3 toluene 
15 was then added slowly. After 1 h, the solvent was removed under vacuum to give 
a free-flow supported metallocene. 1 g sample of this supported metallocene was 
mixed uniformly in a vial with 3 g sample of the TMA-treated silica described in 
Example 1. 0.9 g sample of this mixture was then admitted into a semi-batch gas- 
phase reactor with a N2 pressure and tested for the polymerization of ethylene/1- 
20 butene as described in Example 1; the results are summarized in Table 1. 
Example 4 

Preparation of Silica-Supported Cp?HfCl? 

0.5 g sample of the supported metallocene described in Example 3 above 
was mixed uniformly in a vial with 2.5 g sample of the TMA-treated silica 
described in Example 1 . 1 g sample of this mixture was then admitted into a semi- 
batch gas-phase reactor with a N2 pressure and tested for the polymerization of 
ethylene/l-butene as described in Example 1; the results are summarized in Table 
1. 

Example 5 

Preparation of Silica-Supported OiPrCp^ZrCl ; 

10 g sample of Davison 948 silica dehydrated to 850°C was suspended in 
60 cm 3 hexane at 22°C. A solution of 0.43 g ( n PrCp2ZrCl2 in 20 cm 3 toluene 
was then added slowly. After 1 h, the solvent was removed under vacuum to give 
a free-flow supported metallocene. 

0.35 g sample of the TMA-treated silica described in Example 1 was added 
into a catalyst holding tube as a bottom layer of treated silica, to this was added 
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0.1 g of the silica-supported ( n PrCp 2 ZrCl 2 ) described above, then a second layer 
of 0.35 g of the TMA-treated silica was added as a top layer such that the silica- 
supported metallocene was sandwiched between two layers of the TMA-treated 
silica. This catalyst holding tube was, meanwhile, clamped in place such that no 
5 shaking took place. This catalyst setup was then admitted into a semi-batch gas- 
phase reactor with N 2 and tested for the polymerization of ethylene/l-butene as 
described in Example 1; the results are summarized in Table 1. 
Example 6 

0.25 g sample of the TMA-treated silica described in Example 1 was added 
10 into a catalyst holding tube as a bottom layer of treated silica, to this was added 
0.04 g of the silica-supported ( n PrCp 2 ZrCl 2 described in Example 5 above, then a 
second layer of 0.25 g of the TMA-treated silica was added as a top layer such 
that the silica-supported metallocene was sandwiched between two layers of the 
TMA-treated silica. This catalyst holding tube was, meanwhile, clamped in place 
15 such that no shaking took place. This catalyst setup was then admitted into a 
semi-batch gas-phase reactor with N 2 and tested for the polymerization of 
ethylene/l-butene as described in Example 1; the results are summarized in Table 
1. 

Example 7 

20 1 g sample of the supported metallocene described in Example 5 above was 

mixed uniformly in a vial with 2 g sample of the TMA-treated silica described in 
Example 1 . 0.24 g sample of this mixture was then admitted into a semi-batch 
gas-phase reactor with a N 2 pressure and tested for the polymerization of 
ethylene/l-butene as described in Example 1; the results are summarized in Table 

25 1. 

Example 8 

0.32 g sample of Davison 948 silica dehydrated to 850°C was added into a 
catalyst holding tube as a bottom layer of silica, to this was added 0. 16 g of the 
silica-supported ("PrCp^ZrC^ described in Example 5 above, then a second layer 
30 of Davison 948 silica dehydrated to 850°C was added as a top layer such that the 
silica-supported metallocene was sandwiched between two layers of the 850°C- 
treated silica. This catalyst holding tube was, meanwhile, clamped in place such 
that no shaking took place. This catalyst setup was then admitted into a semi- 
batch gas-phase reactor with N 2 and tested for the polymerization of ethylene/1- 
35 butene as described in Example 1. Subsequently, 0.7 g of the TMA-treated silica 
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described in Example 1 was added into the reactor; the results are summarized in 
Table 1. 

Example 9 (Comparative) 
Preparation of supported (BPrCp^ZrCl? 
5 1200 cm 3 of a 30 wt-% MAO solution in toluene was added to 680 g of 

Davison 948 silica dried to 200°C in a 2-gal reactor. Then 2000 cm 3 toluene was 
added. The temperature was raised to 70°C and maintained for 4 h. Then a 
toluene solution of 16.5 g (nPrCp^ZrC^ was added slowly followed by a 2 h hold 
of the reaction conditions. The resultant catalyst was dried to free-flowing powder 
10 under reduced pressure. This catalyst had Al/Zr molar ratio of 130 and Zr loading 
of 0.4 wt-%. A sample of this catalyst was tested for ethylene/l-butene co- 
polymerization as described in Example 1. The reactor was pretreated with 0. 15 
cm 3 of 24.7 wt-% TEAL in heptane. The results are summarized in Table 1. 
Example 10 

15 Preparation of Silica-Supported flPrCP7Zrq ? 

10 g sample of Davison 948 silica dehydrated to 850°C was suspended in 
60 cm 3 hexane at 22°C. A solution of 0.43 g (iPrCp^ZrC^ in 20 cm 3 toluene 
was then added slowly. After 1 h, the solvent was removed under vacuum to give 
a free-flow supported metallocene. 

20 0.36 g sample of the TMA-treated silica described in Example 1 was added 

into a catalyst holding tube as a bottom layer of treated silica, to this was added 
0.15 g of the silica-supported (iPrCp^ZrC^ described above, then a second layer 
of 0.36 g of the TMA-treated silica was added as a top layer such that the silica- 
supported metallocene was sandwiched between two layers of the TMA-treated 

25 silica. This catalyst holding tube was, meanwhile, clamped in place such that no 
. shaking took place. This catalyst setup was then admitted into a semi-batch gas- 
phase reactor with N2 and tested for the polymerization of ethylene/l-butene as 
described in Example 1; the results are summarized in Table 1. 
Example 11 (Comparative) 

30 Preparation of supported (iPrCp^ZrC^ 

1415 cm 3 of a 30 wt-% MAO solution in toluene was added to 800 g of 
Davison 948 silica dried to 200°C in a 2-gal reactor. Then 2000 cm 3 toluene was 
added. The temperature was raised to 70°C and maintained for 4 h. Then a 
toluene solution of 21.7 g ^PrCp^ZrC^ was added slowly followed by a 2 h hold 

35 of the reaction conditions. The resultant catalyst was dried to free-flowing powder 
under reduced pressure. This catalyst had Al/Zr molar ratio of 1 10 and Zr loading 
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of 0.44 wt-%. A sample of this catalyst was tested for ethylene/l-butene co- 
polymerization as described in Example 1. The reactor was pretreated with 0. 15 
cm 3 of 24.7 wt-% TEAL in heptane. The results are summarized in Table 1. 
Example 12 

5 Preparation of Silica-Supported (U3-MeEtC\i)^ZrCU 

10 g sample of Davison 948 silica dehydrated to 850°C was suspended in 
60 cm 3 hexane at 22°C. A solution of 0.43 g (l,3-MeEtCp)2ZrCl 2 in 20 cm 3 
toluene was then added slowly. After 1 h, the solvent was removed under vacuum 
to give a free-flow supported metallocene. 

10 0.35 g sample of the TMA-treated silica described in Example 1 was added 

into a catalyst holding tube as a bottom layer of treated silica, to this was added 
0.12 g of the silica-supported (l,3-MeEtCp)2ZrCl2 described above, then a 
second layer of 0.35 g of the TMA-treated silica was added as a top layer such 
that the silica-supported metallocene was sandwiched between two layers of the 

15 TMA-treated silica. This catalyst holding tube was, meanwhile, clamped in place 
such that no shaking took place. This catalyst setup was then admitted into a 
semi-batch gas-phase reactor with N2 and tested for the polymerization of 
ethylene/l-butene as described in Example 1; the results are summarized in Table 
1. 

20 Example 13 (Comparative) 

Preparation of supported H^-MeEtCp^ZrCl ^ 

52.3 g of Davison 948 silica dried to 200°C was slurried in 300 cm 3 
heptane in a reaction flask. The flask was cooled to 0°C and 105 cm 3 of 30 wt-% 
methylalumoxane in toluene was added. After 0.5 h, the temperature was raised to 

25 70°C and maintained for 3 h. Then a toluene solution of 1.521 g (1,3- 

MeEtCp)2ZrCl2 as prepared above was added slowly followed by a 1 h hold of 
the reaction conditions. Then the resultant catalyst was dried to free-flowing 
powder under reduced pressure. This catalyst had Al/Zr molar ratio of 120 and Zr 
loading of 0.45 wt-%. A sample of this catalyst was tested for ethylene/1-butene 

30 co-polymerization as described in Example 1 . The reactor was pretreated with 0.2 
cm 3 of 24.7 wt-% TEAL in heptane. The results are summarized in Table L 
Example 14 

Preparation of Silica-Supported (1.3-MeSBuCpy>ZrCl ? 

10.5 g sample of Davison 948 silica dehydrated to 850°C was suspended 
35 in 100 cm 3 hexane at 22°C. A solution of 0.203 g (l,3-Me n BuCp) 2 ZrCl2 in 20 
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cm 3 toluene was then added slowly. After 1 h, the solvent was removed under 
vacuum to give a free-flow supported metallocene. 

0.3 g sample of the TMA-treated silica described in Example 1 was added 
into a catalyst holding tube as a bottom layer of treated silica, to this was added 
5 0.2 g of the silica-supported (l,3-Me n BuCp)2ZrCl2 described above, then a 

second layer of 0.3 g of the TMA-treated silica was added as a top layer such that 
the silica-supported metallocene was sandwiched between two layers of the TMA- 
treated silica. This catalyst holding tube was, meanwhile, clamped in place such 
that no shaking took place. This catalyst setup was then admitted into a semi- 
10 batch gas-phase reactor with N2 and tested for the polymerization of ethylene/1- 
butene as described in Example 1. The reactor was pretreated with 0.2 cm 3 of 
24.7 wt-% TEAL in heptane. The results are summarized in Table 1. 
Example 15 

Preparation of Silica-Supported Jl,3-MeIlBuCpY>ZrCb 
15 10 g sample of Davison 948 silica dehydrated to 850°C was suspended in 

60 cm 3 hexanes at 22°C. A solution of 0.497 g (l,3-Me n BuCp>2ZrCl2 in 20 
cm 3 toluene was then added slowly. After 1 h, the solvent was removed under 
vacuum to give a free-flow supported metallocene. 

0.35 g sample of the TMA-treated silica described in Example 1 was added 
20 into a catalyst holding tube as a bottom layer of treated silica, to this was added 
0.125 g of the silica-supported (l,3-Me n BuCp)2ZrCl2 described above, then a 
second layer of 0.35 g of the TMA-treated silica was added as a top layer such 
that the silica-supported metallocene was sandwiched between two layers of the 
TMA-treated silica. This catalyst holding tube was, meanwhile, clamped in place 
25 such that no shaking took place. This catalyst setup was then admitted into a 
semi-batch gas-phase reactor with N2 and tested for the polymerization of 
ethylene/l-butene as described in Example 1; the results are summarized in Table 
1. 

Example 16 (Comparative) 

30 Preparation of supported ttJ-MeBBuCp^ZrCb 

20.6 g of Davison 948 silica dried to 200°C was slurried in 1 10 cm 3 
toluene in a reaction flask. The flask was cooled to 0°C and 36.5 cm 3 of 30 wt-% 
methylalumoxane in toluene was added. After 1 h, the temperature was raised to 
70°C and maintained for 4 h. Then a toluene solution of 0.742 g (1,3- 

35 Me n BuCp)2ZrCl2 as prepared above was added slowly followed by a 2 h hold of 
the reaction conditions. Then the resultant catalyst was dried to free-flowing 
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powder under reduced pressure. This catalyst had Al/Zr molar ratio of 100 and Zr 
loading of 0.5 wt-%. A sample of this catalyst was tested for ethylene/l-butene 
co-polymerization as described in Example 1 . The reactor was pretreated with 0.2 
cm 3 of 24.7 wt-% TEAL in heptane. The results are summarized in Table 1. 
5 Example 17 

Preparation of Silica-Supported Me?Si(THIV)ZrCl j 

10 g sample of Davison 948 silica dehydrated to 850°C was suspended in 
60 cm 3 hexanes at 22°C. A solution of 0.43 g Me2Si(THI)2ZrCl2 racemic 
dimethyl-l-silanylene bridged bis-(tetrahydroindenyl) zirconium dichloride in 20 
10 cm 3 toluene was then added slowly. After 1 h, the solvent was removed under 
vacuum to give a free-flow supported metallocene. 

0.35 g sample of the TMA-treated silica described in Example 1 was added 
into a catalyst holding tube as a bottom layer of treated silica, to this was added 
0.12 g of the silica-supported Me2Si(TEQ)2ZrCl 2 described above, then a second 
15 layer of 0.35 g of the TMA-treated silica was added as a top layer such that the 
silica-supported metallocene was sandwiched between two layers of the TMA- 
treated silica. This catalyst holding tube was, meanwhile, clamped in place such 
that no shaking took place. This catalyst setup was then admitted into a semi- 
batch gas-phase reactor with N 2 and tested for the polymerization of ethylene/1- 
20 butene as described in Example 1; the results are summarized in Table 1. 

While the present invention has been described and illustrated by reference 
to particular embodiments thereof, it will be appreciated by those of ordinary skill 
in the art that the invention lends itself to variations not necessarily illustrated 
herein. For example, it is not beyond the scope of this invention to use the 
25 polymerization catalyst of the invention in two or more reactors or to control a 
polymerization process by manipulating the components of catalyst system of the 
invention. For this reason, then, references should be made solely to the appended 
claims for purposes of determining the true scope of the present invention. 
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CLAIMS 

What is claimed is: 

1 . A catalyst system comprising: 
5 a) at least one first component comprising a majority of at least one 

supported bulky Iigand transition metal compound; and 

b) at least one second component comprising a majority of at least one 
supported activator. 

10 2. A catalyst system comprising: 

a) a catalyst component of at least one first carrier and at least one 
bulky ligand transition metal compound; 

b) an activator component of at least one second carrier and at least 
one activator. 

15 

3. A catalyst system comprising a first component comprising a supported 
bulky ligand transition metal catalyst compound and a second component 
comprising separately supported activator for said compound. 

4. The catalyst system of any of the preceding claims wherein said bulky 
20 ligand transition metal compound is a metallocene. 

5. The catalyst system of any of the preceding claims wherein said activator is 
at least one of an alumoxane or an ionic activator or combination thereof. 

25 6. The catalyst system of any of the preceding claims wherein said first and 
second components are supported on a carrier from the group of inorganic oxides, 
inorganic chlorides, or polymeric compounds or mixtures thereof 

7. The catalyst system of any of the preceding claims wherein no less than 75 
30 weight percent of all the bulky ligand transition metal compound within the catalyst 
system resides on the first component and/or no less than 75 weight percent of all 
the activator within the catalyst system resides on the second component. 



8. The catalyst system of any preceding claim wherein said bulky ligand 
transition metal compound is represented by the general formulas: 
(C5R , m)pR M s(C5R , m)MQ3.p.x and 
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wherein M is a Group 4, 5, 6 transition metal, C5R* m is an unsubstituted and/or a 
symmetrically or unsymetrically substituted cyclopentadienyl, each R', which can 
be the same or different is hydrogen, alkyl, alkenyl, aryl, alkylaryl or arylalkyl 
5 radical having from 1 to 20 carbon atoms or two carbon atoms joined together to 
form a part of a C4 to C20 nng> R" is one or more of or a combination of a 
carbon, a germanium, a silicon, a phosphorous or a nitrogen atom containing 
radical substituting on and bridging two (CsR'm) rings, or bridging one (CsR'm) 
ring back to M, when p = 0 and x = 1 otherwise "x" is always equal to 0, each Q 
10 which can be the same or different is an aryl, alkyl, alkenyl, alkylaryl, or arylalkyl 
radical having from 1 to 20 carbon atoms or halogen, Q' is an alkylidene radical 
having from 1-20 carbon atoms, s is 0 or 1 and when s is 0, m is 5 and p is 0, 1 or 
2 and when s is 1, m is 4 and p is 1. 



15 9. The catalyst system of any preceding claims wherein said first component is 
essentially or substantially free of an activator and/or wherein said second 
component is essentially free of a bulky ligand transition metal compound. 

10. The catalyst system of any preceding claims wherein the weight percent of 
20 said bulky ligand transition metal compound in said first component is in the range 

of from 1 to 10 weight percent based on the total weight of the first component 
and/or the weight percent of the activator is in the range of 1 to 15 weight percent 
based on the total weight of the second component, preferably the mole ratio of 
the transition metal of the bulky ligand transition metal compound of the first 
25 component to the metal of the activator of the second component is about 1 :50. 

1 1 . The catalyst system of any preceding claim wherein said catalyst system 
further comprises a traditional Ziegler-Natta or other non-metallocene catalyst. 

30 12. A process for polymerizing olefins alone or in combination with one or 
more other olefins in a reactor, said process comprising polymerizing and/or 
prepolymerizing in the presence of the catalyst system of any of the preceding 
claims. 



35 



13. The process of claim 12 wherein components (a) and (b) of the catalyst 
system of claims 1-1 1 are introduced into the reactor simultaneously, or introduced 
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into the reactor from different locations in the reactor, or preferably introduced 
into the reactor mixed together. 

14. A method for producing the catalyst system of any one of the preceding 
5 claims 1-1 1 comprising the steps of: 

a) contacting predominantly at least one first carrier with at least one 
bulky ligand transition metal compound; and separately 

b) contacting predominantly at least one second carrier with at least 
one activator for said compound. 
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